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The observation that the basophilic granulocytes of blood are much richer 
in  histamine  than  any other blood  constituent  (2)  suggested  that  the  hista- 
mine of tissues might be similarly located in association  with basophilic ma- 
terial;  i.e., in the mast ceils.  Riley and  West  (3,  4),  following observation of 
fluorescent histamine  liberators  in mast cells  (5),  reported  a  positive correla- 
tion between  the qualitatively estimated frequency of mast cells  and  the his- 
tamine content of the same tissues.  Their work was later extended  to include 
histamine and heparin assays in mast cell tumors from dogs (6). 
Mast  cells have a  very irregular  distribution  not only over the body as a 
whole but within individual  tissues as well.  Measurements  of the distribution 
of histamine  and mast cells within  different regions of  the same tissue  there- 
fore seemed  likely to provide information  useful in  determining  whether  the 
mast cells in fact contain the tissue histamine.  Such measurements have been 
made  with  adjacent  frozen-dried  sections of dog skin and  lung in  which the 
mast cell distribution  is particularly irregular.  In one series identical  sections 
were used  for both histamine  measurements  and  mast  cell  counts.  Measure- 
ments of histamine and mast cells were also made in sections from dog fiver, 
heart, skeletal muscle, and kidney as well as beef liver capsule and parenchyma. 
The values obtained leave no reasonable doubt that most of the tissue hista- 
mine is located in mast cells. 
Methods 
1. Preparation of Saraples.--Blocks of tissues,  4  or 5  ram.  in  diameter,  removed  from 
freshly killed animals were plunged at once into liquid nitrogen and kept there until  shortly 
before  mounting  and  sectioning. The sections  were  cut in  a  cryostat at  -20°C.  with  a 
thickness of 20 to 50 ]~ according to the fragility  of the tissue and the expected histamine 
and mast cell content.  Groups of 1 to 6 sections were placed in their  original sequence in 
individual holes of spedal holders, and were at once dried at --40°C. in vacuo without ever 
having thawed  (7). The drug sections were stored  at  -20°C. until  used. Bulk  samples of 
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the tissues were taken at the same time as the blocks to be sectioned, and were frozen at 
-20°C.  for  later homogenization. The  homogenates were usually  prepared by  1  minute 
treatment in a  Waring blendor (about 5 gin. of tissue with fivefold volume of 0.01 N HC1). 
Skin  sections were cut parallel  to  the surface. The bronchial wall content was largely 
dissected away from the sections of lung parenchyma; sections consisting chiefly of bron- 
chial wall were obtained from the hihis region. Sections were cut from the kidney cortex 
and medulla separately and from the pericardial and inner surfaces of the heart. Abdominal 
wall muscle provided the skeletal muscle samples. The sections of dog liver and of beef liver 
capsule were cut tangentially within 90 t, of the outer surface of the liver. As beef liver capsule 
and parenehyma differ markedly in mast cell content (8), the small amount of parenchyma- 
tolls tissue in  the superficial  sections was cut away in  the preparation  of  the  beef liver 
capsule samples, while the connective tissue was removed from the sections of deeper lying 
portions to be used as parenchyma samples. 
2.  Estimation of Mast Cdl Count.--The sections in which the mast cells were to be counted 
were placed in  1 ml. test tubes and fixed by the addition of 50/zl.  of 96 per cent ethanol- 
0.1  N formic acid. After 15  minutes the sections were washed with successive portions of 
absolute alcohol  and then of heptane, affixed to slides with an egg albumin-glycerine mix- 
ture, and prepared for staining by washing with ethanol-formic acid and then with 0.1  ~s 
acetic acid (pH 2.6). As has been reported by Wislocki and Dempsey (9), mast cell granules 
are sufficiently  acid to stain with basophilie dyes even at pH  1.9; pH 2.6 was selected for 
use here because it provides maximal contrast between the mast cells and their surround- 
ings. After a few minutes' exposure to the stain (thionine 4 ×  10  -8 molar in 0.1 normal acetic 
acid),  the sections were washed quickly  with  absolute ethanol and  with normal butanol 
before treatment with xylene. In most tissues, this handling produces deeply stained purple 
mast  cells  contrasting sharply with  an  unstained  or  pale  blue  background. 
The mast cells were counted through a  micrometer eyepiece with lines defining a  square 
field of 0.28 mm.  2 at the magnification used. The mast cells in 5 to 15 such fields scattered 
at random over the section were counted in most cases and the average count taken. The 
total area of the section was measured with a  planimeter on a  projected image of the sec- 
tion, the degree of enlargement being estimated by means of a  simultaneous projection of 
a  scale with 0.1 ram. rulings. The total number of mast cells in the section was then calcu- 
lated from the total area and the average cell  count per field.  Alternatively, all  the mast 
cells  in  a  section were counted when they were few in  number. 
3.  Estimation  of Mast  Cell Size.--The  measurement of cell sizes from the dimensions of 
fixed  and stained cells is notoriously unreliable. Even if the cross-sectional areas observed 
in fixed  sections preserve the in  vivo dimensions of the sectioned region of the mast cell, 
the variety and irregularity of shape of these cells would render calculation of their volume 
exceedingly uncertain.  Nevertheless, it  is  important  to  establish the  order  of  magnitude 
of the cell volumes, and the relative vohimes of these cells in different tissues. The volumes 
reported in Table II are averages calculated for about 10 individual cells selected at random 
in each tissue. The volume of an individual cell was calculated from its diameters in cross- 
section in one of two ways: (a) if the cross-section  was approximately circular, the cell volume 
was calculated  as  that  of  a  sphere with  the  observed diameter;  (b)  if  the  cross-section 
was  roughly  elliptical,  the  volume  was  calculated  as  that  of  the  corresponding oblate 
spheroid (flattened sphere). The volumes calculated by the first method tend to be too small, 
as circular cross-sections may arise from spheres not sectioned through the center, or  from 
cylindrically shaped cells; the volumes calculated by the second method tend to be too great, 
as  elliptical  cross-sections may derive from prolate as  well  as  oblate  spheroids.  Marked 
irregularity of shape will  result in unpredictable errors in the calculated volume. The cal- 
culated average cell volume, though bearing an uncertain relationship to the true average, 
seems as good an approximation as can be obtained at present. H. T. GRAHAM~  O. H. LOWRY~ N.  WAHL~ M. K.  PREEBAT  309 
4. Estimation of the Histamine Content of the Seaions.--All  of  the histamine analysis on 
homogenates and most of those on sections included in this paper were made by the method 
already published  (10).  The method was  adapted  as  follows for the sections.  The frozen 
dried sample was placed in a  1 ml. test tube and treated with 225 ul. 5 per cent trichioracetic 
acid. An aliquot  (200 tA.) of the supernatant fluid was mixed with 20 tA. 4  M sodium ace- 
tate in another 1 ml. test tube, and an aliquot (200 pl.) of this mixture was applied to the 
decalso column. The column was washed with two  1 ml. portions of water  and  the hist- 
TABLE I 
Histamine Content of Tissues Micrograms per Gram 
Dog skin 1 
Dog skin 2 
Dog lung... 
Dog liver... 
Dog heart. 
Dog skeletal mnscle. 
Dog kidney. 
Beef liver 
capsule. 
parenchyma. 
Dinitrofluorobenzene method 
Sections 
1  2* 
pg./g, dry  ,ug./g. "lvet 
weight mean  weight mean 
(72)~  (29.6) 
18  7.4 
124  25.5 
200  60.4 
142  32.4 
(22)  (5.7) 
(38) 
1038  314 
(52)  (16) 
Homogenates 
pg./g,  wet 
weight 
23 
2.3 
9 
12 
3.4 
1.6 
0.35 
18 
4.5 
Bioassay (guinea 
b~oig ileum, cat 
od pressure) 
gg./~..wet 
we~t~t 
14 to 30§ 
8 to 36§ 
3 to 7§ 
1!1 
40¶ 
2 to 7§ 
* Figures in this column were calculated from those in preceding column and water con- 
tent of tissues given by Manery (11). The water content of beef liver was assumed to be the 
same as that of dog liver. 
:~ Figures in  parentheses are  derived  from  experiments with  acid-alcohol  extraction  of 
the histamine. See text. 
§ Guggenheim (12). 
[I Thorpe (13). 
¶  Riley and West (4). This figure has been increased to 160 to 180 ttg./g, by assays on cap- 
sule scrapings (private communication). 
amine eluted with 500 pl. of 40 per cent potassium bromide. The ehiate was then subjected 
to the various subsequent steps in the published procedure. 
The  sections  from  dog  skin 1,  dog  muscle  and  kidney,  and  beef  liver  parenchyma 
(Table I) were treated with 50~,1. 95 per cent ethanol-0.1 N formic add in order to make it 
possible to obtain estimates of histamine content and mast call count in the same sections. 
An aliquot  (45 #1.) of the extract was removed to a  1 ml. test tube and dried with a  small 
air jet. To the dried residue was added  100 gl. of KBr-carbonate buffer and 3  ml. of 2 per 
cent alcoholic solution of dinitrofluorobenzene. (The buffer which had a  pH of  10 contained 
per liter 21  gm.  anhydrous Na~COt,  8.4 gm.  NaHCO3,  400 gin.  KBr.)  After formation of 
the histamine-dinitrobenzene-derivative by heating 30  minutes at 60°C.,  the solution was 
extracted with ll0gl, of methyl-n-hexyl ketone. An aliquot (95 ~d.) of the ketone was  then 
=tracted  with 2  N HC1  (50pl.),  and read in the Beckman spectrophotometer at  360rag. 
this method  differs from  the standard  procedure by  two  modifications:  (a)  extraction 310  MAST CELLS AND TISSUE HISTAMINE 
of the tissue histamine  with  acid alcohol instead  of trichioroacetic acid, and  (b)  omission 
of the Decalso adsorption  step. Observations on tissues other than skin suggest that acid 
alcohol extracts  less histamine  than  does trichloroacetic  acid,  while omission of the De- 
calso step results in the retention  of non-histamine material giving a reading at 360 n~u at 
the end of the procedure. The latter error is not serious with  tissues rich in histamine. 
The difference found between the histamine  contents  of skin  1 and skin 2 (Table I) is 
not due to the different methods of histamine  analysis used in the two cases, but is  asso- 
ciated with proportionately  different mast cell counts  (Fig. 2). It appears  that in skin any 
errors introduced  by the two modifications of the standard  method are in themselves neg- 
ligible or that they compensate each other. The histamine content  of the tissues in general 
was so high and  the amount  of tissue used per sample therefore so low that any possible 
contribution  made by spurious histamine  such as has been found in erythrocytes  (10) has 
been disregarded. 
RESULTS 
The applicability of the dinitrofluorobenzene method  to the determination 
of the histamine content of the tissues investigated is shown by comparison of 
the last two columns of Table I; the histamine content estimated by the chemi- 
cal method agrees in general  with  the published  estimates  by bioassay.  The 
low histamine content of the beef liver capsule homogenate determined by the 
dlnltrofluorobenzene  method is explained  by inclusion  of a  considerable  pro- 
portion  of parenchyma  in  the  sample  homogenized,  since  the  same  method 
applied to histologically pure capsule material  (column 2) yielded a  higher fig- 
ure for histamine  content than has been obtained by bioassay.  Reduction of 
the size of homogenate samples made no significant difference in the estimates 
of the homogenate histamine content. 
The sections analyzed from each tissue were selected with the hope of obtain- 
ing  a  series  of samples  of widely varying  histamine  and  mast  cell  content, 
rather  than  an over-all sample representative  of the whole tissue.  While  the 
sections selected  did not always provide the hoped-for series,  in no case did 
they constitute a  fair sample of the tissue. This is clear from the difference in 
the mean histamine content of each tissue as calculated from the sections and 
as measured on the homogenate (Table I, columns 2 and 3). 
The histamine  contents and mast cell counts of the series of sections ana- 
lyzed from dog skin  1 are shown in Fig.  1 in relation  to the location of the 
sections in the skin. The occurrence of both histamine and mast cells is at its 
maximum in the outer layers of the dermis and falls in the inner dermal layers 
to a small fraction of the maximum. 
Beef liver,  dog skin, and lung were the only individual  tissues from which 
sections were obtained which differed widely in regard to histamine and mast 
cell contents. That these two parameters increase together is plainly shown in 
Fig. 2 for dog skin and lung. Inspection of the plotted points suggests that the 
increase of histamine  with increase of mast cell count may not be quite  rec- 
tilinear  in either  tissue,  but may fall off somewhat as the mast cells  become H.  T.  GRAHAM,  O.  H.  LOWRY,  N.  WAHL,  M.  E.  PRIEBAT  311 
more frequent. However,  departure from linear regression proved not to be 
significant  on comparison  of linear and second-degree polynomial regression. 
The best fitting straight lines have accordingly been drawn in the figure.  1 Ex- 
trapolation of these lines to the vertical axis gives values for the  histamine 
content of skin and of lung in the absence of mast cells that are positive but not 
significant (P between 0.1 and 0.2 in both instances). 
For the two component parts of beef liver and for each tissue not providing 
a  series that differed widely as to histamine and mast cell contents, average 
values of these two parameters have been calculated and plotted in Fig. 3. For 
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FIG.  1.  Variation of histamine content and  mast cell count with distance from surface 
of dog skin 1. The three most superficial sections consisted chiefly of epidermis, since dermis 
contained in them had been dissected away as far as possible; the remaining sections con- 
sisted entirely of dermis. 
comparison  the average values for the lung sections  and  the skin  sections 
plotted individually in Fig. 2 have been added to the composite graph. The 
results obtained from the pericardial  and inner surfaces  of the heart have 
been averaged together as no great difference between the two locations was 
noticed in either parameter. Similarly,  results on the kidney cortex and me- 
dulla showed no differences and have been handled together. In the case of the 
kidney, skeletal muscle, and beef liver parenchyma, the amount of histamine 
in histological  sections was too low to measure  satisfactorily. The histamine 
1 The regression equations are: 
For skin, H  =  0.0053  (4- 0.0005) M  4- 9.2 
For lung, H  =~ 0.0073 (-4- 0.0018)  M  4- 33.7 
in which H  =  histamine content (mpg. per rag. dry weight) 
M  =  mast  cell  count  per  rag.  dry  weight. 312  MAST  CELLS  AND  TISSUE  HISTAMINE 
values used for the graph were therefore taken from measurements on bulk 
homogenates. Since the sections may not constitute completely representative 
samples of the whole tissue, the points for these three tissues in Fig. 3 may not 
be located as reliably as the other points. The uncertainty is particularly great 
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FzG. 2. Mast cell  count and histamine content of dog skin and lung sections.  Each point 
represents  the mast cell  count in a single  section,  plotted according to the histamine con- 
tent of the same section  determined in an acid-alcohol  extract (O, skin i), or according 
to the histamine content of a similar  neighboring section  determined in a tfichloroacetic 
acid extract (@, skin  2;  &, lung).  Thickness and dry weight of sections:  skin I, 20~, 160 
to 290~g.; skin 2, 30~, 1350 to 2970~g.; lung, 50~, 385 to 683 ~g. From the lung sections 
with more than I00 n~g. histamine per mg. dry weight of tissue,  the bronchiolar wall por- 
tions  had been cut away; the sections  with less  than I00 n~g. histamine per mg. dry weight 
came from the hilus region and consisted largely of bronchiolar wall. 
in the case of kidney, because in  this tissue generalized staining of the sec- 
tions rendered counting of the scarce mast cells difficult. 
In Fig. 3 as in Fig.  2, the amount of histamlne varies with the  mast cell 
count, and in Fig. 3 there is no suggestion of the presence of histamine in the 
absence of mast cells. The points for dog tissues cluster near a  straight line 
passing through the origin, suggesting a somewhat uniform histamine content 
per mast cell, although the points for both skins analyzed are lower than the 
rest. The points for beef liver capsule and parenchyma lie above any such line. 
The relationship between the histamine contents of the mast cells of these H.  T.  GRAHAM, O.  H.  LOWRY,  N.  WAHL,  M.  K.  PRIEBAT  313 
various tissues suggested in Fig. 3 is more evident in Table II.  The values for 
the amount of histamine per cell and its concentration in the cell here have 
been calculated on the assumption that all the tissue histamine is associated 
with the mast cells counted. (See Discussion.) The amount of histamine per 
mast cell turns out to be very high in the tissues examined,  varying from 7 
#~tg. in dog skin to 32 #/tg. in beef liver capsule3 When the estimated size of 
the mast cell is taken into account, the intracellular concentration of hista- 
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FIG.  3.  Average mast  cell count  per mg.  dry  weight of tissue  sections plotted  against 
average histamine  content  (mpg.  per rag.  dry weight of tissue)  of same sections  (O),  of 
adjacent  sections  (@),  or of homogenates  of gross amounts  of the tissue  (A).  All tissues 
from dog except as indicated. All sections 30~ thick; dry weight in ~g.: fiver, 583 to 1120; 
heart,  128 to 225;  muscle, 417  to 504;  kidney, 341  to 556;  beef fiver capsule,  155 to 253; 
beef liver parenchyma,  185 to 202. The points plotted for skin and lung are averages of the 
determinations  plotted  individually in  Fig.  1.  Note  that  for  convenience in  plotting  the 
beef  fiver capsule  observations  have  been  divided  by  a  factor  of  4. 
mine is found to be amazingly high--about 0.4 molar in the mast cells of most 
of the tissues examined. This is equivalent to 4 or 5 per cent of the wet weight, 
and, if the water content of mast cells is similar to that of other cells, to a 
much larger fraction of the dry weight. 
DISCUSSION 
The observed correlation of number of mast cells with histamine content 
in sections of dog skin and lung provides convincing evidence that in these 
=  The much lower histamine content  of the kidney mast  cell (1.6 ~g.)  calculated from 
the average values for this tissue represented in Fig. 3, is omitted from further consideration 
because of the already mentioned unreliability of these particular values. 314  MAST  CELLS  AND  TISSUE  IIISTAM~INE 
two tissues these cells, which constitute less than 0.2 per cent of the tissue mass, 
account for most if not all of the histamine. For individual tissues other than 
skin and lung, evidence for the association of histamine and mast cell count 
has not been obtained from sections, but when average values for the tissues 
are compared, there is no doubt that histamine increases with the mast cell 
count. These observations on various tissues  extend and quantify the com- 
parisons of histamine and mast cell content published by Riley and West (4). 
If sections containing a range of mast cell counts were obtained from each of 
the  tissues  represented in  Fig.  3,  presumably a  relationship  between hista- 
mine  content and  mast  cell  count  similar  to  the  relationship  of these  two 
parameters in skin and lung could be demonstrated for each tissue. The same 
relationship probably holds in all mammalian  tissues, including  those hista- 
mine-containing ones with "very few mast cells or none at all" referred to by 
Fawcett (14). Mast cells are probably present to some extent in the connective 
tissues of all organs,  and analysis of small samples for histamine and mast 
cells would be required  to  establish  an important  extra-mast cell source of 
histamine in these cases. 
Some support for the hypothesis that an appreciable fraction of tissue his- 
tamine is not associated with mast cells might be derived from one aspect of 
the work reported here: the positive intercept of the extrapolated regression 
lines for skin and lung on the vertical axis (number of mast cells =  0; Fig. 2). 
Although present information does not suffice to prove that the difference of 
this intercept from zero is statistically significant, it suggests some caution in 
attributing all of the histamine to the enumerable mast cells. The presumption 
is strong that  the histamine moiety definitely associated with the mast  cell 
count is actually located in these cells; perhaps the most likely source of any 
histamine outside of these cells lies in freed granules or other constituents of 
disintegrated mast cells. 
There is, however, no evidence of any histamine derived from other sources 
than enumerable mast cells in Fig. 3. Indeed, the points in the figure represent- 
ing muscle and kidney, the tissues with the lowest mast cell count analyzed 
in the present investigation, indicate a  histamine content below rather than 
above the value that might be predicted from the mast cell count. Although, 
as has been pointed out above, curvilinearity of regression of histamine content 
on mast cell count cannot be established on the basis of results so far, the pos- 
sibility remains  that  further work  will  establish  in  individual  tissues  some 
decrease of histamine per cell as the number of cells increases; such a relation- 
ship would invalidate the extrapolation leading to the positive value for his- 
tamine in the absence of mast cells in skin and lung. 
On the whole it seems at present unlikely that any considerable fraction of 
the histamine of any tissue (blood excluded) is not attributable to mast cells. 
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mast  cells accordingly forms the basis  for the  calculations of the histamine 
contents and concentrations in these cells presented in Table II. 
The 7 to 32/~#g. of histamine thus calculated per mast cell stands in con- 
trast to  the  1 /~/~g. found per human  basophilic granulocyte (15);  this,  the 
blood element richest in histamine,  contains many times as much histamine 
as any other  blood cell, at least in  normal human  blood, but only a  small 
fraction of the amount in any mast cell. The amounts of histamine per mast 
cell in dog tissues lie between the amount per human basophil on one hand, 
and  that  per beef liver mast  cell on  the  other. Whether species' difference 
plays any role in this trichotomy remains to be investigated. When the intra- 
cellular concentration of histamine  is  considered,  the  tissues  so far investi- 
TABLE  II 
Histamine in Maz~ Cells 
Dog skin 1 
Dog skin  2. 
Dog lung.. 
Dog liver. 
Dog heart. 
Dog skeletal  muscle. 
Beef  liver  parenchyma. 
Beef liver capsule. 
No. of 
sample 
24 
10 
13 
6 
8 
5 
3 
5 
Histamine 
content 
~g./cell mean a~d 
standard de~iatlon 
(6.7  -4-  2.0)* 
6.8  -+-  1.6 
10.6  .4-  2.8 
15.6  -4-  4.9 
14.0  .4-  3.1 
(15.5  -4-  10.4)* 
(25.4  -4-  21.5)* 
32.2  -4-  2.4 
Cell 
volume 
491 
491 
208 
266 
294 
729 
Intrscellular 
histamine 
concentration 
m•  per l/ter 
123 
125 
459 
528 
475 
398 
* Values in parentheses are derived from histamine determinations on acid-alcohol extracts. 
gated again fall into three classes, but dog liver, lung, and muscle now rise to 
the beef liver class, with dog skin cells thus left as the only members of the 
class  with  a  histamine  concentration intermediate  between  the  remarkably 
high one of other dog tissues and beef liver, and the much lower one of human 
basophilic granulocytes. 
On the basis of the volume (450 ~8) adopted earlier for granulocytes (15), 
the histamine concentration in basophils is 22 millimolar. If the volume of the 
basophil is taken as half that of the neutrophil, in accordance with the mean 
diameters of 12 and 15 g reported recently by Ackerman and Bellios for these 
two cell types respectively (16), the basophilic histamine concentration is 44 
millimolar, still well below the mast cell range. It seems unlikely that correc- 
tion of the estimates of cell volume used here in calculating histamine concen- 
trations in mast cells would bridge the gap. The observed cross-sectional areas 
on which the calculations were based, are, in the cases of dog liver and beef 
liver capsule mast cells, in accord with those reproduced in the classical article 316  MAST CELLS AND  TISSUE HISTAMINE 
by Holmgren and Wilander  (8); no information was found in  the literature 
on the size of the other mast cells included in Table II. In any case, if the his- 
tamine is located on or in the granules or is unevenly distributed within the 
cell in some other fashion, figures for over-all intracellular concentration reflect 
the actual state of affairs imperfectly. 
The tendency of the size and the histamine content of mast cells to vary 
together, resulting in relative constancy of intracellular concentration except 
in  the case of the skin,  suggests  that  these two cell properties are to some 
extent  interdependent.  But  the  divergent  result  in  skin  mast  cells  clearly 
shows that some other factor must play a  determining role. Heparin, gener- 
ally believed to occur in mast cells, is a possible candidate for this role, but the 
present scarcity of quantitative information about its distribution in tissues 
precludes final appraisal of its possibilities in this role. Tissue heparin has been 
reported to vary in general with tissue histamine in both normal and tumor 
tissue (6) and with number of mast cells as well (8,  17), but parallelism has 
been shown in neither comparison, and a  relatively low intracellular concen- 
tration of heparin may accompany the relatively low concentration of hista- 
mine in skin mast cells. However, if heparin and histamine exist in a combined 
form in the mast cell, the combination is probably achieved enzymatically or 
through some other intermediary step. At least, in neither of the following two 
types of experiments (unpublished) has it been possible to obtain evidence of 
heparin-histamine combination: (a) the presence of heparin in a suspension of 
Decalso does not diminish the amount of histamine adsorbed on  the Decalso 
particles; (b) the presence of heparin on one side of a cellulose membrane does 
not influence the equilibration of histamine across the membrane. The addition 
of human plasma or dog liver homogenate to the heparin compartment does 
not change the result. It has already been reported by Kaplan and Davis (18) 
that histamine is not bound by the proteins of human plasma or guinea pig 
lung  homogenate, but  participation  of protein in  the  hypothetical heparin- 
histamine complex is not thereby ruled out. 
The hypothesis that the heparin of mast cells is associated with the charac- 
teristic granules of these cells has received strong support from the work of 
K6ksal  (19)  with the granules from mouse connective tissue mast cells,  and 
West (20)  has now reported that these granules contain more histamine than 
any other tissue  fraction.  Since the  mast  cell granules appear  in  the  mito- 
chondrial  fraction on  differential  centrifugation  (21)--they may indeed  be 
transformed mitochondria (22)--the reports of the mitochondrial location of 
histamine  (23-25) present no strong argument against  the idea that heparin 
and histamine, very likely component parts of a  large complex molecule, are 
contained in mast cell granules. 
Present information is inadequate to explain by what means these substances 
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tamine, for instance, may be picked up from body fluids and trapped in the 
cells by combination with heparin or by some other mechanism,  or it may 
itself  be  produced  intracellularly,  and  responsible  for  the  accumulation  of 
heparin or related substances there. By whatever means the mast cells become 
the repositories of histamine, their known fragility provides a simple explana- 
tion of the release of free histamine after even slight trauma, specifically in the 
skin: once the protective covering of the repository is breached, its contents 
are exposed to all the disintegrating influences of the environment. 
SUMMARy 
Enumeration of mast  cells and  determination of histamine in  sections of 
dog skin and dog lung have shown that the regions of the tissue rich in  mast 
cells are also rich in histamine.  In the skin, the outer layers of the dermis con- 
tain higher concentrations of histamine and  mast cells than any other region. 
Average values of the histamine content and  mast cell count for dog liver, 
heart,  muscle, and kidney, and for beef liver parenchyma and  capsule,  also 
exhibit a  positive relationship  between  these  two parameters,  although  the 
amount of histamine found per  mast cell varied from 7 #/~g. in dog skin to 32 
/z/zg. in beef liver capsule. 
When the size of the mast  cells was  taken into accouut,  the intracellular 
concentration of histamine was found to be of the same order (about 0.4 mo- 
lar)  for all  the  tissues examined except skin and kidney. In both dog skins 
analyzed, the intracellular concentration was about 0.1 molar. In kidney both 
mast cell and histamine values were too low for accurate estimation. 
The  concentration of histamine  in  the  mast  cells investigated  was  much 
greater than the concentration in human basophils, the blood elements richest 
in histamine. 
The mechanism of the localization of histamine in mast cells is briefly con- 
sidered. 
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